the increased flexibility in input substitution, to which the research system has likely contributed. Thereafter we provide an overview of the overall science and technology policy and a detailed account of agricultural R&D policy focusing on the institutional structure, priority setting, sources of support, and agricultural R&D providers. We conclude by discussing major lessons learned and summarizing the debate on a more sustainable national agricultural research system for the future.
Overview of South African Agriculture Macroeconomic Environment
South Africa is a lower-middle-income country where approximately half the population lives in poverty. 2 According to the results of the 1996 census, the South African population is estimated at 40.584 million, with population growth of about 2 percent per annum-down from 2.5 percent per annum during the 1980s. The census results indicate that total employment in the economy is 9.1 million, of which about 1.8 million are informal job opportunities. 3 About 34 percent of the economically active population of 27.8 million people are unemployed and seeking work. 4 The rural unemployment rate for South Africa is 44.2 percent (the urban unemployment rate is 28.7 percent). The Development Bank of Southern Africa (DBSA 2000) estimates that 57 percent of the South African population live in poverty; May (2000) estimates that 30 percent of the urban population are poor, but poverty rates are highest, at about 70 percent, outside urban areas. Many rural people in South Africa live under conditions of deprivation as harsh as those in poorer African countries.
With the fall of the apartheid regime, the government undertook a commitment to reduce rural poverty and adopted programs of land reform and improved service delivery in rural areas. Program results, although commendable in some respects, have been insufficient, slow, and costly relative to expectations and the scale of the task. In the meantime, rural areas face new challenges as the crisis of HIV/AIDS reduces resources flowing to households and severely increases the pressures on families and communities.
Overview of the Agricultural Sector and Changing Productivity
Primary agriculture, which consists of farm-based production, accounted for 3.4 percent of the GDP of South Africa in 2004 (Table 8 .1). Gross value of agricultural production is estimated at 66 billion rand 5 (Table 8 .2). The most important Imports of goods and services as a share of GDP at market prices (percent) Poultry is estimated as the difference between total white meat production and pork production.
earners of foreign exchange in the agricultural sector are sugar, wine, citrus, and deciduous and subtropical fruits. The agrofood complex, which consists of primary production plus the input and agroprocessing sectors, accounts for around 14 percent of GDP. In 2000 the agrofood complex exported about R16 billion worth of primary and processed food products, nearly 9 percent of South Africa's total exports (Table 8.2) . There are about 60,938 large commercial farmers, who are predominantly but not exclusively white. Commercial farms employed about 1 million workers in 1999, which is 8.1 percent of total formal-sector employment (NDA 2003) . Many of these workers live on commercial farms, and their children are educated in farm schools. Thus commercial farms provide livelihoods, housing, and education for the nearly 6 million family members of these 1 million employees.
Furthermore, an estimated 1.3 million households, primarily located in the communal areas of the former homelands, largely produce to meet part of their family's overall needs. Finally, almost all the productive and social activities of rural towns and service centers are dependent on primary agriculture and related activities, which include the increasingly popular and economically significant agrotourism and game farming. Taking all of these activities into account, more than half the provinces, and about 40 percent of the country's total population, are primarily dependent on agriculture and its related industries.
A Review of Policy Changes in South African Agriculture
Deregulation and liberalization were distinctive features of the agricultural sector of South Africa during the 1980s. 6 The deregulation process was characterized by changes within the existing institutional structure, through a process of scaling back state intervention. Despite these changes, the main actors in the sector remained the same. This situation changed with the election of the Government of National Unity in 1994, although in agriculture, at least, some direct policy changes were stalled until 1996 (until after the withdrawal of the National Party from the Government of National Unity). The most important policy initiatives taken subsequently included land reform, institutional restructuring in the public sector, the promulgation of new legislation (including the Marketing of Agricultural Products Act and the Water Act), and trade and labor market policy reform. These reforms were intended to correct the injustices of past policy (principally through land reform), to direct the agricultural sector toward a less capital-intensive growth path, and to enhance the sector's international competitiveness.
One of the main features of South African agricultural policy in the 1990s was institutional restructuring. The public-sector agencies supporting the agricultural sector were subjected to the same processes of "provincialization" that came about with the adoption of the Interim Constitution. In the case of agriculture, the former "own affairs" (whites-only) and "general affairs" departments were amalgamated to form the core of the new National Department of Agriculture. Functions and staff were redeployed from the former homeland departments of agriculture to new national and provincial departments, and the relationship between the national and provincial departments of agriculture and farmer lobby groups was modified. 7 Agricultural institutions in the public sector were also reoriented in line with new policy directions. The most radical of these changes occurred in agricultural marketing policy. The promulgation of the Marketing of Agricultural Products Act, No. 47 of 1996, represented a radical departure from the marketing regime to which farmers had been accustomed since the 1930s (Groenewald 2000) . Though far-reaching, the deregulation of the 1980s and early 1990s was piecemeal and uncoordinated, and was accomplished within the framework of the old Marketing Act so that policy changes could be reversed easily. The new act changed the way agricultural marketing policy would be managed.
The new South African government also embarked on a process of trade policy reform to reverse decades of "inward industrialization" strategies. The distinguishing characteristic of these reforms was a willingness to expose national businesses to tariffs that were often below the lower bounds negotiated in the Uruguay Round of the General Agreement on Tariffs and Trade (GATT). Whereas agricultural trade had been managed through quantitative controls, the Marrakech Agreement called for the tariffication of all agricultural goods and a phased reduction in the tariffs. South Africa also participated in the renegotiation of the Southern African Customs Union treaty, agreed to the new Southern African Development Community (SADC) trade protocol, and negotiated a free trade agreement with the European Union. In all these cases, the country agreed, in principle, to liberalize agricultural trade further. Finally, the country gained membership in the Cairns Group, 8 thus signaling its intention to unilaterally liberalize its trade regardless of progress made by developed countries in withdrawing farm support programs.
Effects of policy changes. These policy changes created a number of pressures on farm profits. The analysis of total factor productivity (TFP) in South African agriculture presented below clearly shows that farmers adapted to these changes by decreasing their level of input use, by increasing output from a constant level of input use, or by a combination of these approaches. Whatever the case, productivity has increased. In South Africa, real gross annual capital formation-which was fairly stagnant in the 1980s-has increased at a higher rate since 1990 (Table 8. 3). Thus, since the beginning of the 1990s, farmers have reacted positively to political changes, greater access to international markets, and positive real interest rates. The TFP ratio provides a more comprehensive measure of productivity growth in agriculture. The TFP for commercial agriculture in South Africa to 2000 is shown in Figure 8 .1, from which it is evident that input use increased slightly faster than the growth in agricultural output from the late 1940s to late 1960s, and so TFP declined. Thereafter, the pace at which aggregate output grew exceeded the growth in aggregate input use (which actually began to decline around 1986-87) and so SOUTH AFRICA 201 Logs of indexes 1 9 4 7 -4 8 1 9 5 3 -5 4 1 9 5 0 -5 1 1 9 5 6 -5 7 1 9 5 9 -6 0 1 9 6 2 -6 3 1 9 6 5 -6 6 1 9 6 8 -6 9 1 9 7 1 -7 2 1 9 7 4 -7 5 1 9 7 7 -7 8 1 9 8 0 -8 1 1 9 8 3 -8 4 1 9 8 6 -8 7 1 9 8 9 -9 0 1 9 9 2 -9 3 1 9 9 5 -9 6 1 9 9 8 -9 9 1 9 9 9 -2 0 0 0 6.0 TFP rose. Thirtle (2001) described these trends and some ancillary developments in more detail:
• The domestic terms of trade for intermediate and capital goods for commercial farmers were negative throughout the period 1960-96, and hence the input prices they paid rose faster than the output prices they received throughout that period.
• The rate at which the domestic terms of trade turned against commercial farmers worsened during the first phase of deregulation (from roughly 1984); they improved subsequently but were still far higher than between 1960 and 1980.
• The terms of trade measure the rate of change in the prices of intermediate and capital goods relative to the rate of change in output prices only. TFP measures the relative rate of growth in the value of inputs (including land and labor) and outputs. The data show that TFP growth slowed during the first phase of deregulation, between 1985 and 1994, and increased again thereafter.
• From 1980 through 1990, when inflation rates in South Africa peaked and TFP growth was weakest, net farm income growth was negative (that is, commercial farmers' profit margins grew thinner every year). However, by 1990 TFP growth had recovered sufficiently to cause a positive annual growth in net farm income through 1996.
These TFP results reflect the extent to which farmers have reacted to the costprice squeeze, and it is clear that one of the principal solutions was to change not only the volume of inputs used but also the input mix. Thus farmers' ability to adopt new modes of production depends critically on their ability to substitute inputs in reaction to relative price changes. Some years ago, research showed that farmers' ability to substitute inputs was severely constrained by state intervention in the sector but that this situation had improved as a result of the first stages of deregulation during the 1980s (van Zyl and Groenewald 1988; Sartorius von Bach and van Zyl 1991) . Overall, there is some evidence of improved flexibility in input substitution in South African agriculture.
Overall R&D Policy and Funding Trends
Like the rest of its economy, the South African science and technology institutions (SETIs) have experienced momentous policy changes since the early 1990s. Prior
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LIEBENBERG AND KIRSTEN to 1994, SETIs were funded under a policy of "framework autonomy," introduced in 1988. Reduced to its essentials, framework autonomy entailed the following elements:
• The determination of so-called maximum average expenditure per full-time equivalent (fte) staff member (divided into three categories), which was monitored by the Science Council
• The provision of baseline funding, that is, "costs of . . . basic infrastructure (expertise and other capacity) necessary for the realization of the aims of the institution" (DNE 1988, p. 43 ) based on expenditure for those essential activities in 1986-87, annually adjusted in line with appropriate inflation indexes and the available money
• The provision of discretionary financing of, for instance, the agency function, meaning funding of research in the higher-education sector, the operation of national facilities, and so on In summary, the system of framework autonomy was designed to restrict government control to the overall framework within which the science councils operated, while restricting parliamentary funding to supporting the essential research infrastructure. Within this framework, science councils were given the management flexibility to generate additional income from contracts, and, thus, within limits, to shape their own research agendas.
Each SETI received its budget from its overseeing department (the National Department of Agriculture, for ARC) according to the baseline funding formula. Based on its own internal processes and priorities, the management of SETI allocated its own resources. Science policy was drafted by the Chief Directorate of Science Planning under the Department of National Education (DNE), after which comments from major stakeholders were invited, processed, and submitted to the Science Advisory Council (SAC) for amendment and approval.
Although subject to ARC guidance, the different research institutes were left with significant freedom in setting their own research agendas, in collaboration with industry and peer-review committees. By 1994 these processes still reflected those in existence under the former Department of Agriculture.
In 1994, the Department of Arts, Culture, Science, and Technology (DACST) was established from the relevant elements of the DNE. The creation of DACST introduced a period of rapid changes in science and technology policy in South Africa. Two prominent initiatives taken by DACST since its inception were the formulation of a white paper on science and technology (completed in 1996) and the establishment for the National Advisory Council on Innovation (NACI) (legislation approved in 1997). The new policy places a strong emphasis on innovation, and hence on the direction of research resource allocation.
The science and technology branch of DACST took over the administration of an annual budget allocated under the "science vote" of approximately R1.4 billion. 9 Following the white paper, the principle of baseline funding according to a base formula was replaced, and SETIs now receive their core funding through a parliamentary grant allocated on a competitive basis.
Other sources of funding available to SETIs are the innovation fund and the National Research Foundation (NRF), established in 1998 from the former Foundation for Research and Development. The purpose of the innovation fund is to encourage and enable long-term extensive innovation projects in the higher-education sector, SETIs, civil society, and the private sector. The NRF is mandated to ensure the support of research and the building of research capacity within the highereducation sector and other research institutions. For both undertakings, funds are allocated on a competitive basis. It is envisioned that the innovation fund will grow to about 20 percent of the annual budget, forming a strong mechanism to reallocate resources within the national system of innovation (NSI). Table 8 .4 provides an indication of the government funds earmarked for the different science councils for 1996-97 and 1999-2000. It shows a shift away from agricultural and human sciences toward the Medical Research Council (MRC) and the Council for Scientific and Industrial Research (CSIR).
In 1999-2000 the science budget also included R78.3 million for national facilities, such as the National Laser Centre, and a further R146 million for other programs, such as the innovation fund (R75 million) and special investigations 204 LIEBENBERG AND KIRSTEN (R33 million). The growth in the innovation fund was paid for from the institutional funding of the science councils, with dire consequences for its sustained capacity development. The priority-setting criteria are not favorable to primary agricultural research: they focus, for example, on third-generation biotechnology.
Financing and Provision of Agricultural R&D
We provide a brief history of the agricultural research system in South Africa to put the system's current policy and structural changes in perspective.
Institutional Structure
Prior to 1990. Further institutional changes took place in 1970, the most significant of which was the transfer of administrative responsibilities for the faculties of agriculture and veterinary sciences to the Ministry of Education. The Department of Agricultural Technical Services continued to finance research at the universities and supported a substantial, though declining, number of research positions at the various faculties of agriculture.
In rationalizing the public service, the two departments of agriculture were amalgamated in 1980 to form the Department of Agriculture and Fisheries, which was renamed the Department of Agriculture and Water Supply in 1982. Following the establishment of the tricameral legislature, 11 the department was again divided in 1984 to form the Department for Agricultural Development, largely incorporating the branches of the old Department of Agricultural Technical Services, dealing with "own affairs," and the Department of Agriculture, for "general affairs."
All funding for research came through the Department of Agricultural Development, which was initially responsible for 11 research institutes, and later 12. The overall direction of research was mostly determined centrally but was guided by regional development plans. This approach resulted in problems with administration and overall coordination. Links with nationally based institutes, focused on strategic or basic research, and the ADIs also became problematic. The agricultural research system of South Africa at this stage followed a mostly bureaucratic and top-down approach to technology development and transfer.
In a 1984 report by the Committee of Inquiry into Agricultural Service Provision, eight alternative models for the delivery of agricultural research were proposed. The preferred option was the creation of a national agricultural development council. The apartheid dispensation and the various independent homeland governments created problems for its full implementation. ARC (the Agricultural Research Council) was established as a first step toward such a system. 1990 to 1994. Most of the agricultural research activities under the Department of Agricultural Development were transferred to ARC beginning in April 1992, following the passing of the Agricultural Research Act of 1990. This process was completed only in 1995. Thus, by the end of this period, ARC had yet to develop an identity as an organization. The lack of consolidation left ARC incapable of facing the changes in South Africa's constitution and in its own governance structure following the democratic elections of 1994.
More important than the reorganization itself, a business-like management style was introduced into ARC institutes. ARC embarked upon a more aggressive cost-recovery program by introducing a user pays principle. This change introduced a stronger client orientation. Targets were set to rapidly increase external funding, with the goal of recovering 30 percent of total expenditures from the commercial agricultural sector (Roseboom et al. 1995) . This shift happened much more rapidly than planned as a result of successive cuts in the parliamentary grant to the ARC.
Following the new constitutional dispensation in 1994, nine provinces were created from the former four, and agriculture became the joint responsibility of the national and provincial governments. The previous agricultural development institutes (ADIs) formed the basis of the nine provincial departments of agriculture (PDAs), although the Grootfontein Agricultural Development Institute became the responsibility of the National Department of Agriculture (NDA), where it still resides, because of issues relating to its location.
Funding of agricultural R&D now came from two streams: ARC received its funding through the National Department of Agriculture, and the PDAs were allo-
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The current situation. The present structure of the South African national agricultural research system (NARS) consists of agricultural research institutes operating under the ARC, departmental research entities, faculties of agriculture and veterinary sciences, institutes operating under the Department of Environmental Affairs, the Council of Scientific and Industrial Research (CSIR), and some semipublic research agencies supported by industry (see Appendix Table 8A .1). ARC is the principal national agricultural research entity. It oversees 13 agricultural research institutes with a network of experimental farms and modern equipment throughout the country, and, with the exception of sugarcane, supports all the major agricultural commodities in South Africa.
Two groups were created to coordinate and integrate these efforts: MINMEC, an interministerial committee headed by the national minister of agriculture and comprising the members of the provincial executives of agriculture, and the Interdepartmental Technical Committee on Agriculture (ITCA), comprising department heads. ITCA had several subsidiary technical and advisory committees. Most of these were disbanded for lack of effectiveness, except for those dealing with naturalresource management and veterinary services. In early 2003 the Agricultural Economics Working Group was reintroduced by ITCA.
Funding for the PDAs and, as such, for provincial agricultural research began to deviate from the 1995 formula guidelines. Provincial R&D capacity dwindled and in some cases ceased. High costs and poor restructuring plans led to the disappearance of agricultural research in some provinces, such as the Eastern Cape. A reasonable degree of research competence exists in only two provinces-the Western Cape (Elsenburg) and Kwazulu-Natal (Cedara)-but these programs remain severely underfunded in some aspects. Most of the provinces had to rely on donor funding and the operations of NGOs and producer or commodity organizations. ARC has provided increasing support to the provinces.
The management of ARC has changed substantially since the new science and technology policy was introduced in 1997. Following various reviews of the agricultural research system and strong criticism of the way ARC was managed, the governance structures were changed, and a number of research institutes were merged. One of the important criticisms was that ARC research dealt mainly with capital-intensive farming operations, thereby benefiting commercial farmers rather than farmers from previously disadvantaged communities. The reviews and recommendations required a shift in research focus and service provision by the ARC while its parliamentary grant dwindled in line with the perceived new direction in the science system. Changes in leadership, among other factors, left ARC increasingly isolated and its stakeholders uninformed of the consequences of these changes. It is possible that ARC's council, being relatively inexperienced, did not foresee and clearly communicate the consequences of the changes satisfactorily. To become an active and integrated member of the country's agricultural research system, the ARC was under pressure to improve its performance and ensure the relevance of its research.
This process involved interactions with a number of stakeholders during 1999. In a series of meetings with PDAs and representative bodies in organized agriculture, stakeholders were asked to critique ARC's performance as an agricultural service provider. Insights gained from this exercise enabled ARC to initiate strategic workshops on its research agenda and on the funding of agricultural research. A system was also introduced whereby research on the problems and needs of resourcepoor farmers was detached from the overall parliamentary grant and managed under a separate program for sustainable rural livelihoods. In addition, commercialization of research outputs was given greater emphasis.
Setting Priorities
Oversight of the national system of innovation is the responsibility of the National Advisory Council on Innovation (NACI), which was established to advise DACST on the direction of scientific research. This entity, together with the requirements of the new Public Finance and Management Act (PFMA), plays a major role in influencing research priorities. Under this new act, and in line with the existing medium-term expenditure plan, public entities like ARC are expected to submit three-year budget requests directly linked to strategic plans.
Within ARC, the national institutes previously relied primarily on peer reviews and institute-level priority setting under a regime of (mostly) state-funded research, with the relative share of government funding for each institute remaining fairly stable. The change to the national system of innovation, followed by the subsequent cuts in core funding, mandated a change in the relative share of core funding among institutes. The introduction of corporate programs in 1999 was seen as both a means to drive greater integration in research activities between institutes within a systems-research framework, and a framework to introduce interinstitute priority-setting mechanisms. However, the significant differences in the ability of industries and other clients to pay for research and the severity of the cuts in core funding have led to current core funding ratios that reflect the ability to pay rather than any serious national priority considerations.
Research priorities are also determined by DACST's recently completed national research and development strategy. This department has also been split into two Previously, funding for agricultural research in the provinces followed the priorities of the provinces' agricultural development programs. The establishment of the provincial departments of agriculture, and the associated restructuring initiatives, has led to a breakdown in this practice. ARC is now assisting provinces to redevelop their research capacity. There is very little coordination among the various players in setting research priorities in agriculture. Universities, ARC, and the PDAs rarely collaborate in research and often compete for research funds. The new NARF (described earlier) may improve this situation, but it has yet to secure funding for its initiatives in this regard (NDA 2001).
Sources of Funding for Agricultural R&D
The funds allocated to agricultural research in South Africa come from four sources. At the central-government level, the science budget is allocated by DST and various national government departments. Other national revenue sources include commodity trusts and levies from producer organizations and research funding from private-sector enterprises. 12 The increasing prominence of these enterprises in terms of research funding and the use of research services distinguishes South Africa's NARS from those of other African countries.
In addition to the structural changes in the agricultural R&D system, competitive bidding with other science councils for parliamentary grants (PGs) was introduced in 1997-98. Furthermore, it was decided that all external research contracts would be based on full cost recovery. This principle was not readily accepted by the various commodity organizations that fund research. As a compromise, a 50:50 cost-sharing arrangement was negotiated between the relevant institutes and commodity organizations.
Other major funders of agricultural research over the past five years have been various commodity trusts, which were established following market deregulation that involved the abolition of all marketing boards. The assets of these boards were transferred to trusts such as the Maize Trust, the Wool Trust, and the Red Meat Trust, and the returns from these assets are used to fund the activities of producer organizations and to fund agricultural research and the activities of the producer organizations. Table 8 .5 provides an indication of the extent of research funding provided by commodity trusts and by statutory and voluntary levies managed by certain producer organizations since 1999. Figure 8 .2 shows the flow of funds within the South African NARS for 1999-2000. At the central-government level, the parliamentary grant from the science vote totaled R295.5 million, consisting of R292.9 million allocated to ARC and the balance allocated by the CSIR to its Division of Food, Biological, and Chemical Technologies (DFBCT). The various national departments allocated a further R68.1 million to agricultural research through performance and service contracts and competitive-bidding funds: the latter were mainly allocated through the THRIP programs and the innovation fund administered by the NRF, as well as the lead programs of DACST. An amount of R29.2 million is generated internally by ARC from its own resources.
Other public sources include R4.5 million allocated to agricultural research by the Water Research Commission. This represents 9.1 percent of the total research budget of the Water Research Commission, which receives its funding from a levy paid by all water use authorities. Funding from commodity and producer organizations supports research commissioned by the commodity trusts (R26.4 million) and levy income (R39.2 million for nonsugar commodities, R48.8 million for sugar). Funding from private enterprises comes mainly from input suppliers and 210 LIEBENBERG AND KIRSTEN agroprocessors, who outsource some research on a contract basis but also do inhouse research. Monies allocated from these sources amounted to R27.0 million in 1999-2000.
ARC and the higher-education institutions dominate expenditure by research performers. Total expenditure in 1999-2000 is estimated at R586.2 million, of which R139.4 million came from nongovernment income sources. The total donor contribution to South African research is difficult to estimate but is assumed to be relatively small.
Agricultural research at the different faculties of agriculture is also funded from a range of sources. Commodity organizations and private companies generally support the major and longer-term projects; funds are also supplied to successful bidders under the innovation fund and the NRF. In addition, donor agencies have also recently provided some support for university research and postgraduate teaching initiatives.
Agricultural R&D Patterns
ARC is by far the largest provider of agricultural research in South Africa, employing 59.8 percent of the country's agricultural researchers in 1999 and accounting for 57.9 percent of total agricultural research expenditure-slightly more than ARC's 54 percent of total share at the time of its establishment (Roseboom et al. 1995) . Universities have also shown strong growth in market share since 1992 (Table 8. Ratios of support staff to scientists dropped from as high as 10.7:1 in 1992 to 3.9:1 in 2001. The ratio of technicians to researchers in ARC institutes fell from 1.7:1 in 1992 to 0.8:1 in 2001, indicating that research support is dwindling and that the remaining researchers and technicians must now spend more of their time on mundane duties. This trend has severe implications for ARC's capacity to maintain performance levels, which in turn will strongly affect the ability of South Africa's agricultural sector to support regional and local rural development initiatives. The budgetary pressures resulting from the drop in the parliamentary grant could be the main reason behind the reductions in these ratios. ARC funding provided by the government through the parliamentary grant system dropped from a peak of R337 million in 1997-98 to R262 million in 2001-02. The history of the parliamentary grant to ARC is well illustrated by the trend in Figure 8 .3. The extent of the decline in funding is emphasized by the rapidly declining real value of the grant. By 2001-02, ARC received only 55 percent, in real terms, of the parliamentary grant it received in 1992. As a consequence, external income had to increase significantly to maintain overall spending at an estimated R450 million for 2001-02. Also shown in Figure 8 .3 is ARC's level of baseline funding had it been maintained at 2 percent of AgGDP. Under the new Agricultural Sector Strategy (NDA 2001) , it is envisioned that this target should be in the range of 3 percent. Table 8 .7 shows sources of ARC funding from 1998 to 2000, and relative shares for each year. External income for ARC came from commodity and producer organizations and donor funding. Income from commodity organizations contributed between 11.1 and 12.9 percent of ARC expenditure in the period 1998-2000. As shown in Figure 8 
percent (R112.4 million) of total R&D expenditure in South African agriculture.
A few statutory levies were introduced by producer organizations as a way to raise funding for agricultural research, among other things. Voluntary levies are also used by some commodity groups, but income from these sources is highly unstable. Donor funding to ARC is growing, but access to it is severely limited by policy constraints. However, it seems that more donor funding has been flowing to universities for basic and applied agricultural research. Private funding to ARC is estimated at 14.2 percent of total ARC funding, and intramural research in many agricultural input firms has been growing because of the high returns on intellectual property rights (IPR) and patents in this industry. In addition, many private companies have awarded research contracts to universities. ARC's "own income" from royalties and IPR increased over the three years shown, from almost 7 percent to 10.3 percent. Despite the growth in external funding, the government (through the parliamentary grant and a range of contracts) remains the largest single source of funding (around 62 percent) for ARC. However, the dual accountability of ARC institute directors to public and private funders is becoming a serious issue in resource-allocation decisions.
Institutional Accountability Mechanisms
Science Councils report both to the line ministry and to the Minister of Arts, Culture, Science, and Technology on their annual performance. For PDAs, the line of reporting is under the various provincial legislatures, with coordination through SOUTH AFRICA 215 ITCA. Universities report to DNE, coordinated by a committee of the heads of the agriculture faculties. Given the strong degree of autonomy of the various research service providers, no single authority has control over the activities of all the country's research providers. This situation reinforced the need for establishing the NARF, which was recommended as early as 1996 but only eventuated in 2002. Although recognized and funded by the NDA, the NARF is still battling to become fully operational. The promulgation of the Public Finance and Management Act in 1999 (Act 1 of 1999) has led to a legal requirement on public entities (parastatals) to report to Parliament on their service delivery according to a set of formal, predetermined objectives and performance indicators. DACST has taken the lead in harmonizing the diverse basis of reporting from the various science councils to authorities such as NACI and Parliament.
Using a "balanced scorecard" technique, a set of 25 indicator areas has been identified in the areas of finance, stakeholder satisfaction, internal business organization, and internal learning and growth. To include the performance of delivery on equity legislation, a fifth reporting category was identified and included: human resources and transformation. Each science council developed its own set of indicators for measuring and reporting on performance under each of these categories (where applicable). Steps are being implemented to develop greater uniformity in the measures used by the various science councils to facilitate intercouncil comparisons and reduce the administrative burden of reporting.
In 1995, ARC established a small impact-assessment unit, the Group for Development Impact Analysis, to introduce social sciences research into ARC's activities. Being small, the unit was located centrally and provides services to institutes throughout the country. One of the unit's first initiatives was to contract a series of aggregate rate-of-return studies (Table 8.8) . Results show that on average, the social rate of return on the investment in agricultural research has been positive and fairly high. A number of cost-benefit impact-assessment case studies have also been done.
Further, the unit actively participated in project feasibility studies and the training of researchers and research managers in project-level monitoring and evaluation techniques. A further area of activity since 1998 involved support to corporate management in policy advice and planning. Although, to date, formal mechanisms for priority setting have been restricted to the institute level, there is a growing need to expand them to the corporate level within ARC. Stakeholders requested this change in March 2001. In the seven years since its establishment, the demand for the unit's services and appreciation of the importance of the information it generates have grown exponentially, although trends in public funding to ARC have 216 LIEBENBERG AND KIRSTEN stymied efforts to expand the unit by placing personnel in the institutes. Unit-facilitated policy workshops disseminating the information developed have succeeded in building understanding among key NARS stakeholders regarding the future direction of agricultural research. In line with the exodus of researchers from the ARC, the staffing of the unit has fallen from 11 in 2000 to 2 in April 2003.
The Provision of Agricultural R&D Services
The dominance of ARC in South African agricultural research is evident through an overview of its various research providers (Table 8 .9).
Government and local agencies. The national government has introduced a number of programs to direct resources toward priority initiatives, responding to pressure to fulfill its growth and development strategy and to deal with the difficulties experienced by provincial research agencies in adapting to their new mandate. These changes have directly affected ARC's priorities and activities. ARC was continuously urged to adjust its operations in line with the seven presidential imperative programs (PIPs), one of which focuses on rural development. Government departments were clustered around these PIPs according to their potential ability to deliver on the initiatives from their existing budgets. Meetings between the minister of agriculture and the provincial ministers (MINMEC) have also identified five-year priorities for agriculture that closely relate to the PIPs. Since November 2001, the new sector strategy for agriculture has formed the basis for policy and service-provision alignment (NDA 2001) . Producer and commodity organizations often enter partnerships with public-sector R&D service providers such as ARC. The greatest successes have come when ARC has taken the lead in project management, and the universities, provincial departments, producer organizations, and farmers have each contributed financially or in kind.
Universities. Faculties of agriculture at the larger universities are in a much better position to maintain capacity under the current circumstances. Core funding for universities is provided by the National Department of Education (NDE) and primarily underwrites salaries and overhead. Direct research costs are usually funded through research contracts with producer organizations, private companies, and some international donors. In addition, researchers at universities compete for research funds such as the innovation fund and annual grant funding for researchers from the NRF. The large variety of funding sources makes it difficult to develop a clear picture of spending on agricultural R&D by universities. There is growing concern that universities are venturing into applied research, thereby usurping potential 218 LIEBENBERG AND KIRSTEN projects from ARC. This shift is partly a result of commodity organizations either perceiving that ARC's capacity is declining or being attracted by lower rates charged by universities.
International agencies. The CGIAR system has provided useful support and information since 1994. There has been little direct involvement in South African agricultural research, however, apart from a few donor-driven projects. Involvement is increasing, and the establishment of a regional office for the International Water Management Institute (IWMI) in Pretoria is an example of this growing trend. IWMI works in close collaboration with ARC, the government, SOUTH AFRICA 219 and universities on issues related to the rehabilitation of irrigation schemes, the development of an irrigation policy, and the development of irrigation scheme management. Regional R&D organizations, such as the Southern African Centre for Cooperation in Agricultural and Natural Resources Research and Training (SACCAR), are becoming more important. SACCAR, under the auspices of the SADC, used to allocate certain research initiatives to specific SADC member states. Following the restructuring of SADC, SACCAR now takes greater direct responsibility for research. Member states no longer have the sole responsibility to fund and manage these initiatives, with only the review and consultation of the SACCAR council and its subsidiary technical committees. ARC used to represent South Africa's R&D interests at SACCAR. Whereas universities still have representation, NDA has now taken over this responsibility, for all foreign representation and liaison of agricultural R&D.
The World Bank-funded Special Program on African Agricultural Research (SPAAR) has also been changed to a more permanent initiative with the creation of the Forum on Agricultural Research in Africa (FARA) in Addis Ababa in April 2001. The intention is to provide a forum for harmonizing agricultural R&D in Africa through the initiatives of the three regional agricultural research organizations in Sub-Saharan Africa: SACCAR, the Association for Strengthening Agricultural Research in East and Central Africa (ASARECA), and the Western and Central African Council for Agricultural Research and Development (CORAF). This arrangement allows Africa to take greater ownership of its R&D. The Mbeki government is also taking the lead in implementing the New Partnership for Africa's Development (NEPAD), which has a strong focus on agricultural development.
Lessons Learned and Future Challenges
The changes that began in the early 1970s led to an increasingly fragmented agricultural research system, and efforts to integrate the system's components and improve overall efficiency are incomplete. In the process of reforming the national agricultural research system in South Africa, several lessons have been learned.
It is important to maintain continuity in NARS leadership and for those leaders to have direct communication with institutional leaders. Commitment to goals, and the initiatives implemented to achieve them, is imperative, as is the capacity to monitor and adjust to changes. Ad hoc, uncoordinated responses to change within such a complex system as South Africa's NARS is, perhaps, the most important cause of fragmentation and duplication of effort.
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Stakeholders must have access to appropriate information and analyses when making decisions, and their roles and responsibilities must be clearly established and understood. Memoranda of understanding or contracts can be used to communicate and clarify this information. Throughout, the focus should be on the coordination, content, and evaluation of programs.
A crucial factor is the policy environment that supports mobilizing funds, developing and maintaining the human-resource capacities of the system, and facilitating communication. This is one of the most neglected areas from the viewpoint of agricultural R&D policy in South Africa. These issues are emphasized only periodically; consistent effort by a critical mass of policy researchers is needed, as is an effective, world-class agricultural science fraternity to encourage greater numbers of students to train in the agricultural sciences. A substantial scholarship program for students is urgently needed to redress the substantial loss of qualified scientists from South Africa.
The increased role of private organizations and commodity trusts in funding the ARC illustrates the general experience of public research entities that increasingly rely on nonpublic sources of funding. Commodity trusts have shown a strong willingness and ability to increase their contributions. However, the amount of funding from these sources fluctuates markedly depending on industry market conditions. In South Africa it is also susceptible to the vagaries of sectoral politics and the failure of public entities to allow private funders of public research to secure intellectual property rights on research output. If public-research service providers fail to reach mutually acceptable positions with private funders on intellectual property rights issues (and, relatedly, the allocation of research resources), they may well be unable to ensure a stable flow of adequate funding and retain competent staff.
The establishment of the NARF in 2002 marked the beginning of a new phase in South Africa's agricultural R&D. The NARF could be critical in securing not only the future of agricultural research in South Africa but also the sustained international competitiveness and prosperity of agriculture in South and southern Africa. Unfortunately, since its establishment, the NARF has failed to become operative as a policy advisory body or to formulate appropriate policy responses to the issues listed here. ARC's experience over the past 10 years could be invaluable in the planning and implementation of a much more effective NARS into the future. 
